Abstract: RING domain AP-1 coactivator-1 (RACO-1) is a coactivator that links c-Jun to growth factor signaling and is essential for AP-1 function. This study aimed to investigate the expression and clinical significance of RACO-1 protein in hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) in China. A total of 136 tissue samples of HBVrelated HCC were detected by immunohistochemistry (including 76 patients in training cohort and 60 patients in validation cohort). Correlation between RACO-1 expression and clinicopathologic features of HBV-related HCC was analyzed in both the cohorts. RACO-1 expression was significantly higher in HBV-related HCC tissues than in adjacent non-tumor liver tissues. All the patients were divided into two groups: the low expression group and the high expression group. RACO-1 expression was significantly related to vascular invasion (P=0.021), tumor numbers (P=0.046), International Union for Cancer Control/American Joint Committee on Cancer stage (P=0.006), cirrhosis (P=0.046), capsular (P=0.039), and Barcelona Clinic Liver Cancer stage (P=0.041) in training cohort. The validation cohort showed the same results. The high RACO-1 expression was the independent prognostic factor for HBV-related HCC patients in both training cohort and validation cohort. Our data implicate RACO-1 as a novel prognostic marker and a potential therapeutic target for HBV-related HCC.
Background
Hepatocellular carcinoma (HCC) is one of the most common carcinomas in the world, especially in China. Most of the HCC in China is hepatitis B virus (HBV)-related which is caused by the high HBV infection rates. [1] [2] [3] Although the overall survival of patients with HBV-related HCC had been improved, the survival still remains unsatisfactory. 4, 5 Therefore, it is very important to find novel prognostic markers and potential therapeutic target for HBV-related HCC.
Previous studies have shown that AP-1 transcription factor c-Jun is overexpressed in many human cancers. [6] [7] [8] RING domain AP-1 coactivator-1 (RACO-1) is a c-Jun coactivator that is regulated by growth factor signaling. RACO-1 depletion decreased the expression of several AP-1 target genes, such as cdc42, cyclinD1. RACO-1 also has an important relationship with Wnt signaling and Ras. 9, 10 However, the role of RACO-1 in HBV-related HCC has not been demonstrated. Whether RACO-1 has an effect on the prognosis of HBV-related HCC is still unknown. This study aimed to investigate the effects of RACO-1 on HBV-related HCC and find out the relationship between RACO-1 and the prognosis of HBV-related HCC.
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Methods
Patients and specimens
In this study, HCC was diagnosed and staged according to both the Barcelona Clinic Liver Cancer (BCLC) stage system and International Union for Cancer Control (UICC)/American Joint Committee on Cancer (AJCC) stage system. HCC and the adjacent non-tumor liver tissue (ANLT) specimens were obtained from 136 HBV-related HCC patients during surgical resection without any preoperative treatment at the Department of Hepatobiliary Surgery, Shaoxing Second Hospital, and Department of Surgery, Zhuzhou Clinical Institute, Central South University (CSU) School of Medicine from March 2008 to March 2014. The follow-up status and any recurrence were regularly updated in the database for each patient. Our research was in compliance with the Helsinki Declaration. Prior written informed consent was obtained from all patients. The ethics committees of Shaoxing Second Hospital, Zhuzhou Clinical Institute of CSU, and the Fourth Affiliated Hospital of Zhejiang University School of Medicine gave ethics approval for this study and approved the consents. Before the operations, we evaluated the complete blood count, liver function, computed tomography (CT) scan of liver and other tests if necessary. Liver resection was undertaken in patients with Pugh-Child grades A or B.
immunohistochemistry (ihC)
Formalin-fixed paraffin sections were stained for RACO-1 using anti-human RACO-1 antibody (Abcam, Cambridge, UK). The expression level of RACO-1 was scored as: 1, 1%-25% positive; 2, 26%-50% positive; 3, 50% positive. The protein expression of RACO-1 was thus considered low expression if scored 1; score 2 or 3 was considered as high expression. Correlation between RACO-1 expression and clinicopathologic features of HBV-related HCC were analyzed in both the cohorts.
statistical analysis
Data in the study was analyzed by the Statistical Package for the Social Sciences (SPSS) 19 for Windows (SPSS Inc., Chicago, IL, USA). Fisher's exact test was used for the statistical analysis of categorical data, whereas independent t-tests were used for continuous data. The log-rank test was used to compare the overall and disease-free survival. The Cox proportional hazards regression model was established to identify factors that were independently associated with the survival of HCC patients. P0.05 was considered to be statistically significant.
Results
Clinical features of patients and the correlations of RaCO-1 expression with the clinical characteristics of hBV-related hCC
A total of 136 tissue samples of HBV-related HCC were detected by IHC, including 76 patients in training cohort and 60 patients in validation cohort ( Figure 1 ). There is no significant difference between training cohort and validation cohort (Table 1) . RACO-1 expression was significantly high in HBV-related HCC tissues in both training cohort and 
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Correlations of RaCO-1 expression with the overall survival of hBV-related hCC
Overall survival was analyzed according to the expression of RACO-1 both in training cohort and validation cohort. The high level of RACO-1 had worse overall survival rates in both the training cohort and the validation cohort (P0.001; P0.001) (Figure 2) . In training cohort, we found that RACO-1 expression is one of the important prognostic factors ( Table 3 ). The multivariate cox regression analysis showed the same result in the training cohort. RACO-1 expression is one of the independent prognostic factors for overall survival of HBV-related HCC. Furthermore, in the validation cohort, the results from the univariate cox regression analysis associated with overall survival also indicated that RACO-1 expression is one of the important prognostic factors (Table S2 ). The multivariate cox regression analysis also showed that RACO-1 is one of the independent prognostic factors for overall survival of HBV-related HCC.
Correlations of RaCO-1 expression with the disease-free survival of hBV-related hCC
Disease-free survival was detected in both training cohort and validation cohort. RACO-1 high expression group had worse disease-free survival in both training cohort and validation cohort (P0.001; P0.001) (Figure 2 ). In training cohort, it was found that RACO-1 expression is one of the 
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Chen et al important factors together with UICC/AJCC stage, and so on ( Table 4 ). The multivariate cox regression analysis showed RACO-1 expression together with vascular invasion, UICC/ AJCC stage and BCLC stage were independent prognostic factors for disease-free survival of HBV-related HCC. In validation cohort, the result is similar. RACO-1 expression together with UICC/AJCC stage and some other factors were important for prognosis (Table S3 ). The multivariate cox regression analysis showed that RACO-1 expression is one of the independent prognostic factors for disease-free survival of HBV-related HCC.
Discussion
This study aimed to investigate the effects of RACO-1 on HBV-related HCC. Interestingly, it was found that RACO-1 expression was significantly high in HBV-related HCC tissues 
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Prognostic value of RaCO-1 in hBV-related hCC formation, and vascular invasion. Tumor number together with capsular formation and vascular invasion play an important role in the invasion and metastasis of HCC.
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The present study also showed that RACO-1 expression together with vascular invasion, UICC/AJCC stage, and BCLC stage were independent prognostic factor for overall and disease-free survival of HBV-related HCC. Accordingly, it was speculated that RACO-1 may play an important role in the invasion and metastasis of HBV-related HCC. New research into the potential mechanism of RACO-1 in the invasion and metastasis of HCC has been undertaken.
Conclusion
In conclusion, it has been shown for the first time that increased expression of RACO-1 is related to worse overall survival in patients with HBV-related HCC. The study in both training cohort and validation cohort. RACO-1 high expression group had worse overall and disease-free survival rates than the low expression group in both training cohort and validation cohort. This indicates that RACO-1 may play an important role in the development of HBV-related HCC and could be a potential target for the treatment of HCC. However, we still do not know the mechanism. This part of work remains to be done in our further research. Subsequently, the RACO-1 expression was positively related to liver cirrhosis in both training cohort and validation cohort. Most of HCC occurring in China would pass through three steps: HBV infection, liver cirrhosis, and HCC. [11] [12] [13] [14] [15] RACO-1 may play an important role in the development of HCC by regulating HBV-related cirrhosis.
Interestingly, it is found that RACO-1 expression also has a significant relationship with tumor number, capsular 
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